Forskolin, phosphodiesterase inhibitors, and cyclic AMP analogs inhibit proliferation of cultured bovine aortic endothelial cells.
The role of cyclic AMP on endothelial cell proliferation was investigated, since these cells can be exposed to high concentrations of physiological and pharmacological agents that alter cyclic AMP metabolism. Cloned bovine aortic endothelial cells were plated at 25,000 cells/35mm dish and grown for 5 days in the presence of phosphodiesterase (PDE) inhibitors, forskolin, or cyclic AMP analogs. The PDE inhibitors dipyridamole, ZK 62 711, isobutylmethylxanthine (IBMX) and theophylline inhibited cell growth in a concentration-dependent manner. Dipyridamole produced a 30% and a 50% inhibition at 5 microM and 12.5 microM, while higher concentrations were cytotoxic. At its therapeutic plasma concentration range (50-100 microM) theophylline inhibited cell proliferation by 15-25%, while IBMX and the highly specific cyclic AMP phosphodiesterase inhibitor, ZK 62 711 inhibited growth by 60-80% and 40-50%, respectively. Forskolin (5 microM) increased cyclic AMP levels and cyclic AMP-kinase activity ratios by 2.5-fold and 2-fold. In the absence of PDE inhibitors forskolin produced a 20% growth inhibition at 0.5 microM and a 60% inhibition at 10 microM. The forskolin dose-response curve was not altered by theophylline, but was shifted to the left by approximately 10-fold with dipyridamole and ZK 62 711 and 5-fold with IBMX. Forskolin (5 microM), by itself produced a 1.8-fold increase in cyclic AMP. In the presence of 5 microM theophylline, dipyridamole, IBMX, and ZK 62 711, cyclic AMP was increased by forskolin 2.0, 2.6, 3.5, and 6.6-fold, respectively. 8-Bromo cyclic AMP and dibutyryl cyclic AMP produced a 55% and 60% growth inhibition at 100 microM. The cyclic GMP analogs were less effective inhibitors of growth (15-30%). Our results demonstrate that cyclic AMP analogs and pharmacological agents that elevate intracellular cyclic AMP levels inhibit cell growth and suggest that cyclic AMP may be an important endogenous regulator of endothelial cell proliferation.